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(57)Abstract: 

PROBLEM TO BE SOLVED: To shorten the measuring 
time of lens aberration of the projection lens in an aligner 
while increasing the yield of product. 
SOLUTION: The method for measuring lens aberration 
comprises a step for preparing a halftone phase shift 
mask, i.e., a photomask for inspection having an 
inspection pattern 2 formed by a film 6 for shielding the m 
exposing light and a halftone phase shift film 1, a step for 
fixing the halftone phase shit mask to a reduction 
projection aligner and transferring the inspection pattern 
2 to a resist film 3 by means of the reduction projection 
aligner, and a step for comparing the transferred 
inspection pattern 4 with a transfer reference pattern and ? 
detecting a pattern 5 being formed on the periphery of 
the pattern 4 by the halftone phase shift film 1 when the aligner has a coma. According to the 
method, coma of the projection lens in the reduction projection aligner can be measured 
automatically. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention is applied to aberration measurement of the lens 
prepared in the aligner about a semi-conductor manufacturing technology, and relates to an effective 
technique. 
[0002] 

[Description of the Prior Art] the technique explained below - this invention - research - it faces 
completing, this invention person inquires, and the outline is as follows. 

[0003] In the contraction projection aligner (it is also called a stepper and is only henceforth called an 
aligner) used in the exposure process of a semi-conductor production process, a receiving inspection is 
conducted at the time of the installation. 

[0004] As one of the receiving inspection of this, inspection of the projection lens installed in the aligner 
is conducted. Said inspection measures the amount of comatic aberration of a projection lens, and 
inspects whether a measurement result is in tolerance. 

[0005] Here, measurement of the comatic aberration of the projection lens of an aligner prepares the 
halftone phase shift mask with which the inspection pattern was formed, when it is exposed using this 
mask, it detects the circumference pattern called the side peak formed around an imprint inspection 
pattern, and it is calculating the light exposure of the side peak in each point of measurement using the 
scanning electron microscope called SEM (Scanning Electron Microscope). 

[0006] In addition, the aberration measuring method of a lens is indicated by JP,6-1201 18,A and JP,6- 

249748,A, for example. 

[0007] 

[Problem(s) to be Solved by the Invention] However, in aberration measurement of the projection lens in 
the above mentioned technique, since the light exposure of the side peak in each point of measurement is 
calculated using SEM consequently, to require the great measuring time is made into a problem. 
[0008] The purpose of this invention is to offer the manufacture approach of of the photo mask and 
semiconductor device which are used for the lens distortion measuring method and it which aim at 
shortening of the measuring time of lens distortion, and improvement in the yield of a product. 
[0009] The other purposes and the new description will become clear from description and the 
accompanying drawing of this specification along [ said ] this invention. 
[0010] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained 
among invention indicated in this application. 

[001 1] Namely, the process for which a checking photo mask with the inspection pattern formed with 
the light-shielding film to which the lens distortion measuring method of this invention shades exposure 
light, and a semi-transparent membrane is prepared, The process which attaches said photo mask in an 
aligner and imprints said inspection pattern on the resist film with this aligner, The imprint inspection 
pattern and criteria pattern which were imprinted on said resist film are compared. When the projection 
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lens of said aligner has comatic aberration, it has the process which detects the circumference pattern 
formed in the perimeter of said imprint inspection pattern with said semi-transparent membrane, and the 
amount of comatic aberration in said projection lens of said aligner is measured automatically. 
[0012] Thereby, the measuring time of the amount of comatic aberration of the projection lens of an 
aligner can be shortened. 

[0013] In addition, the receiving inspection at the time of aligner installation can be made simple by 
measuring the amount of comatic aberration of a projection lens automatically. 
[0014] It becomes possible to be able to reduce generating of the defect of the product by lens distortion 
reason, consequently to raise the yield of a product by this. 

[0015] Moreover, the inspection pattern which the photo mask of this invention is the checking thing of 
an aligner, and is'surrounded by the border line which consists of a light-shielding film which shades 
exposure light, and a semi-transparent membrane is formed. The imprint inspection pattern and criteria 
pattern which were exposed and formed using this photo mask are compared. When the projection lens 
of an aligner has comatic aberration, with said semi-transparent membrane, the circumference pattern 
formed in the perimeter of said imprint inspection pattern is detected, and it is used for the automatic 
measure of the amount of comatic aberration of said projection lens. 

[0016] Furthermore, the process for which a checking photo mask with the inspection pattern formed 
with the light-shielding film to which the manufacture approach of the semiconductor device of this 
invention shades exposure light, and a semi-transparent membrane is prepared, The process which 
attaches said photo mask in an aligner and imprints said inspection pattern on the resist film with this 
aligner, The circumference pattern formed in the perimeter of said imprint inspection pattern with said 
semi-transparent membrane when the imprint inspection pattern and criteria pattern which were 
imprinted on said resist film are compared and the projection lens of said aligner has comatic aberration 
is detected. The process which measures automatically the amount of comatic aberration in said 
projection lens of said aligner, In case said amount of comatic aberration is in tolerance, it has the 
process which uses said aligner and is exposed to a semi-conductor substrate, and the process which 
acquires a semiconductor chip from said semi-conductor substrate after said exposure, and assembles a 
semiconductor device using this semiconductor chip. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail based on a drawing. 

[0018] Drawing 1 is the pattern Fig. showing an example of the gestalt of operation of the imprint 
inspection pattern by the inspection pattern formed in the halftone phase shift mask which is a photo 
mask of this invention, and this inspection pattern. The inspection pattern of a photo mask and (b) (a) 
The imprint inspection pattern on the resist film, The variation diagram on the strength [ optical ] 
showing the measurement data of the relation between the halftone field dimension at the time of 
drawing 2 using the halftone phase shift mask with which the inspection pattern shown in drawing 1 (a) 
was formed, and the optical reinforcement of a side peak, Drawing 3 is drawing showing an example of 
distribution of the optical reinforcement at the time of imprinting using the halftone phase shift mask 
with which the inspection pattern shown in drawing 1 was formed, and the photo mask of the example 
of a comparison. Optical intensity distribution with the halftone phase shift mask which shows (a) to 
drawing 1 , Optical intensity distribution according [ (b) ] to the photo mask of the example of a 
comparison and drawing 4 are the pattern Figs, showing an example of the imprint inspection pattern by 
the inspection pattern by the phase shift film formed in the halftone phase shift mask, and this inspection 
pattern. The inspection mask pattern by the phase shift film and (b) (a) The imprint inspection pattern on 
the resist film, Drawing 5 is the pattern Fig. showing an example of the gestalt of operation of the 
imprint inspection pattern by the inspection pattern formed in the halftone phase shift mask used for the 
lens distortion measuring method of this invention, and this inspection pattern. The inspection pattern of 
a photo mask and (b) (a) The imprint inspection pattern on the resist film, Drawing 6 is the pattern Fig. 
showing an example of the gestalt of operation of the imprint criteria pattern by the criteria pattern 
formed in the photo mask for a comparison used for the lens distortion measuring method of this 
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invention, and this criteria pattern. The criteria pattern of a photo mask and (b) (a) The imprint criteria 
pattern on the resist film, The mask pattern Fig. showing an example of the gestalt of operation of the 
inspection pattern group formed in the halftone phase shift mask with which drawing 7 is used for the 
lens distortion measuring method of this invention, and a criteria pattern group, The imprint pattern Fig. 
showing an example of the gestalt of operation of the imprint inspection pattern group at the time of 
drawing 8 - drawing 12 imprinting using the halftone phase shift mask shown in drawing 7 , and an 
imprint criteria pattern group, Drawing 13 is drawing showing an example of the pattern arrangement 
field at the time of using pattern test equipment in the lens distortion measuring method of this 
invention, and equipment inspection area. The configuration schematic diagram showing an example of 
the configuration of the wafer visual-inspection equipment which an inspection pattern group and (b) are 
set in a criteria pattern group, and (a) sets drawing 14 for the lens distortion measuring method of this 
invention, and is used, The outline block diagram showing the configuration of the stepper which is an 
example of an aligner which uses drawing 15 by the lens distortion measuring method of this invention, 
drawing 16 , and drawing 17 are the important section sectional views showing an example of the 
manufacture approach of the semiconductor device using the stepper shown in drawing 15 . 
[0019] The lens distortion measuring method of the gestalt of this operation is used, in case the amount 
of the comatic aberration which is one of the lens distortion of the projection lens prepared in the aligner 
used at the exposure process of a semi-conductor production process is measured automatically using 
wafer visual -inspection equipment, and the amount of comatic aberration of a projection lens is 
measured automatically in the time of a receiving inspection of an aligner etc., for example, it inspects 
whether this measurement result is tolerance. 

[0020] First, the photo mask used by said lens distortion measuring method is explained. 
[0021] Said photo mask is the checking thing of an aligner (it is henceforth called the checking photo 
mask 10 (refer to drawing 15 )), and takes up and explains the stepper (it is also called a contraction 
projection aligner) shown in drawing 15 as an example of an aligner with the gestalt of this operation. 
[0022] The light-shielding film 6 to which said checking photo mask 10 shades exposure light as shown 
in drawing 5 , It is the halftone phase shift mask with which the inspection pattern 2 surrounded by the 
border line 7 which consists of halftone phase shift film 1 which is a semi-transparent membrane was 
formed in the glass substrate. The imprint criteria pattern 1 1 (criteria pattern) shown in the imprint 
inspection pattern 4 exposed and formed using this checking photo mask 10 and drawing 6 (b) is 
compared. When the projection lens 108 of a stepper (aligner) has comatic aberration, with the halftone 
phase shift film 1, the circumference pattern 5 (refer to drawing 5 (b)) formed in the perimeter of the 
imprint inspection pattern 4 is detected, and it is used for the automatic measure of the amount of 
comatic aberration of the projection lens 108. 

[0023] In addition, the circumference pattern 5 is formed of the light (it is called the side peak 8 which 
shows this to drawing 3 (a)) imprinted among exposure light around the imprint inspection pattern 4, 
and, originally is an unnecessary pattern. 

[0024] Moreover, the halftone phase shift film 1 which is semi-transparents membrane is the inspection 
pattern 2 (that is, transparence pattern) and translucent film which the phase of light reversed mostly. 
[0025] That is, the halftone phase shift film 1 is film with which it was substantially [ the phase of light/ 
as the inspection pattern 2 ] reversed translucent. 

[0026] The gestalt of this operation explains the case where the inspection pattern 2 formed in the 
checking photo mask 10 is a polygon, it is formed with the halftone phase shift film 1 whose one side of 
the inspection pattern 2 of a forward octagon is a semi-transparent membrane while taking up the case of 
a forward octagon as an example of this polygon, and the seven sides of further others are formed of the 
light-shielding film 6. 

[0027] That is, the checking photo mask 10 has the field of three kinds of permeability in the field of the 
transparent inspection pattern 2, the field of the halftone phase shift film 1, and the field of a light- 
shielding film 6, as shown in drawing 1 (a). 

[0028] In addition, a light-shielding film 6 is film formed of Cr, and the halftone phase shift film 1 is for 
example, CrON film. 
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[0029] Here, the measuring method of the side peak 8 which forms the circumference pattern 5 is 
explained. 

[0030] First, use only one side of the upper part of the inspection pattern 2 as the halftone phase shift 
film 1 among the side which the inspection pattern 2 which shows the side peak 8 generated when the 
halftone phase shift film 1 is formed to drawing 1 (a) for the purpose of generating only the side which 
the polygon pattern chose chose, and drawing, and let other other seven sides be light-shielding films 6. 
[003 1] Under the present circumstances shows the flat-surface light intensity distribution of the 
inspection pattern 2 to drawing 3 (a) (when the halftone phase shift film 1 is used). Moreover, optical 
intensity distribution in case the inspection pattern 2 of the example of a comparison of a forward 
octagon as shown in drawing 4 (a) is formed only with the halftone phase shift film 1 and drawing 3 (b) 
does not have comatic aberration in the projection lens 108 of an aligner are shown ( drawing 4 (b) 
shows the case where there is comatic aberration). 

[0032] In that case, as shown in drawing 3 (b), the side peak 8 occurs equally around each side of the 
imprint inspection pattern 4. 

[0033] On the other hand, by using the checking photo mask 10 of the gestalt of this operation, as shown 
in drawing 3 (a), the side peak 8 of only one side of the imprint inspection pattern 4 can be generated 
alternatively. By performing a pattern imprint using this checking photo mask 10, as shown in drawing 1 
(b), formation of the circumference pattern 5 by the imprint of a up to [ the resist film 3 of the side peak 
8 ] is attained only at one side of the imprint inspection pattern 4 of a forward octagon, and, thereby, 
evaluation of the side peak 8 which each side of the pattern of a forward octagon separated is attained. 
[0034] Moreover, in the field formed with the halftone phase shift film 1 shown in drawing 1 (a), 
distance from that pattern edge is set to h (halftone field dimension), and what measured change of the 
optical reinforcement of the side peak 8 over this halftone field dimension is shown in drawing 2 . 
[0035] Here, it was referred to as lambda(exposure wavelength) = 0.248 micrometers and NA(numerical 
aperture of lens) =0.55, and, as for halftone section permeability, in the inspection pattern 2, one side 
inquired according to 5.5% of conditions in opposite Ayr using the hole pattern with a forward octagon 
of 1 micrometer (it is 5 micrometers when a contraction scale factor is 1/5 on a mask). 
[0036] Although side peak light reinforcement has large fluctuation in less than h= 0.35 micrometers as 
shown in drawing 2 , since it is mostly stabilized in h**0.35 micrometers or more, It becomes possible 
by being able to express the distance h from a pattern edge (referring to drawing 1 (a)) with 
h=kxlambda/NA (lambda: exposure wavelength, numerical aperture of NA:lens, k: constant), and 
forming on condition that predetermined as k>=0.78 to be stabilized and to generate the side peak 8. 
[0037] In addition, the comatic aberration of the projection lens 108 of the contraction projection aligner 
which is a stepper is distributed within the lens. When it is the inspection pattern 2 of the forward 
octagon formed only with the halftone phase shift film 1 as shown in drawing 4 (a), and lens distortion 
exists, the circumference pattern 5 by the peak ******** side peak 8 of optical reinforcement 
unnecessary to a pattern imprint is asymmetrically formed in the resist film 3 on both sides of the 
imprint inspection pattern 4, as shown in drawing 4 (b). 

[0038] How to measure comatic aberration using this phenomenon is shown in Japanese Patent 
Application No. No. 30028 [ nine to ], and Japanese Patent Application No. No. 204176 [ nine to ]. The 
measuring method of the comatic aberration indicated by these is an approach of searching for comatic 
aberration according to the ratio of the light exposure of the part which light exposure was changed and 
the side peak 8 imprinted first in each side of a polygon pattern, and the light exposure in the part which 
the side peak 5 imprinted at the last, and the direction which these generated. 

[0039] Next, the lens distortion measuring method of the gestalt of this operation using this approach is 
explained. 

[0040] First, the outline of the configuration of a stepper (contraction projection aligner) indicated to be 
wafer visual-inspection equipment shown in drawing 14 used in said lens distortion measuring method 
to drawing 15 is explained. 

[0041] The wafer visual -inspection equipment shown in drawing 14 is an appearance defect (foreign 
matter adhesion) in the middle of down stream processing of the semi-conductor wafer 205. With the 
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Banking Inspection Department 201 which detects a pattern defect, a blemish, etc. automatically, picks 
out the semi-conductor wafer 205 which is the sample substrate which was held in the wafer cassette 
206 and conveyed from the wafer cassette 206, and conducts defective inspection It is constituted by the 
monitor section 202 which projects the detected defect and is used for observation and a classification of 
defect, the control unit 203 which performs various actuation about inspection processing, and the 
output section 204 which outputs an inspection result as a defective wafer map, a defective data list, etc. 
[0042] Moreover, the stepper shown in drawing 15 is equipped with the light source 101 which emits 
exposure light, and the exposure light emitted from this light source 101 irradiates the photo mask 106 
for exposure through the fly eye lens 102, a condensing lens 103,105, and a mirror 104. 
[0043] In addition, the pellicle 107 for preventing the poor pattern imprint by foreign matter adhesion 
depending on the case is formed in the photo mask 106 for exposure. The mask pattern formed in the 
photo mask 106 for exposure is projected through the projection lens 108 on the semi-conductor wafer 
109 which is a sample substrate. 

[0044] Furthermore, the photo mask 106 for exposure is laid on the mask stage 1 18 controlled by the 
mask position control means 1 17, and, as for the core and optical axis of the projection lens 108, 
alignment is performed with high precision. 

[0045] Vacuum adsorption maintenance of the semi-conductor wafer 109 is carried out on the sample 
base 110. 

[0046] Moreover, the sample base 1 10 is laid on movable, the direction of an optical axis, i.e., the Z 
direction, of the projection lens 108, Z stage 1 1 1, and is further carried on X-Y stage 1 12. 
[0047] Since Z stage 1 1 1 and X-Y stage 1 12 are driven by each driving means 1 13,1 14 according to the 
control instruction from the main control system 1 19, it has become movable in the desired exposure 
location, and the monitor of the location is carried out with high precision by the laser measuring 
machine 1 1 5 as a location of the mirror 1 1 6 fixed to Z stage 111. 

[0048] By the lens distortion measuring method of the gestalt of this operation, the checking photo mask 
10 (halftone phase shift mask) with the inspection pattern 2 formed with the halftone phase shift film 1 
which is the light-shielding film 6 and semi-transparent membrane which shade a mask pattern, i.e., 
exposure light, as shown in drawing 5 (a) first is prepared. 

[0049] In addition, with the gestalt of this operation, the inspection pattern 2 is a polygon and takes up 
the case of a forward octagon as an example of this polygon. Therefore, one side of a forward octagon is 
formed with the halftone phase shift film 1, and other seven sides where said polygon is other are 
formed by the light-shielding film 6 which consists of chromium etc. 

[0050] The circumference pattern 5 formed by this from the side peak 8 of one side used as the halftone 
phase shift film 1 is detected, and lens distortion is measured. 

[0051] In addition, the gestalt of this operation explains, using a die to die method as said lens distortion 
measuring method. 

[0052] Therefore, the inspection pattern 2 shown in drawing 5 (a) which becomes the checking photo 

mask 10 from a light-shielding film 6 and the halftone phase shift film 1, and the criteria mask pattern 9 

shown in drawing 6 (a) formed only of the light-shielding film 6 become a pair, and is formed. 

[0053] Moreover, the inspection pattern 2 shown in drawing 5 (a) among each mask pattern is the tiling 

of the forward octagon surrounded and formed by the border line 7 which consists of a light-shielding 

film 6 and halftone phase shift film 1, and, thereby, has three kinds of permeability. 

[0054] On the other hand, only by the light-shielding film 6, the criteria mask pattern 9 shown in 

drawing 6 (a) is the thing of the forward octagon surrounded and formed, and, thereby, has two kinds of 

permeability. 

[0055] Consequently, the pattern imprinted with each mask pattern is shown in drawing 5 (b) and 
drawing 6 (b). 

[0056] That is, if the inspection pattern 2 shown in drawing 5 (a) is imprinted, as shown in drawing 5 
(b), the side peak 8 (refer to drawing 3 (a)) will imprint on the resist film 3 with light exposure, and the 
circumference pattern 5 will be formed in the resist film 3. 

[0057] Moreover, if the criteria mask pattern 9 shown in drawing 6 (a) is imprinted, as shown in 
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drawing 6 (b), even if it enlarges light exposure, said circumference pattern 5 will not be formed in the 
resist film 3, without said side peak 8 imprinting. 

[0058] Therefore, the existence of the side peak 8 is judged by comparing the imprint inspection pattern 
4 shown in drawing 5 (b) using the wafer visual-inspection equipment shown in drawing 14 with the 
imprint criteria pattern 1 1 shown in drawing 6 (b) (die to die comparison method). 
[0059] In addition, as shown on the checking photo mask 10 of one sheet at drawing 7 , corresponding 
to the number of the sides of a forward octagon, two or more formation is carried out as the inspection 
pattern group 14 and a criteria pattern group 15, and the inspection pattern 2, and this and the criteria 
mask pattern 9 which makes a pair arrange two or more these pattern groups in a shot further. 
[0060] Namely, for every kind, while eight kinds of mask patterns to which the halftone phase shift film 
1 was made equivalent each side of a forward octagon are formed in the checking photo mask 10 of one 
sheet in the case of the gestalt of this operation, as shown in drawing 13 (a), every nine of each mask 
pattern are formed. 

[0061] When the 9(number of formation of mask pattern of one class) x8(number of the polygonal sides) 
x2(pattern used as pattern and criteria of inspection symmetry) =144 piece mask pattern will be formed 
on the checking photo mask 10 of one sheet, consequently the circumference pattern 5 is detected by this 
in the case of the gestalt of this operation, the direction and light exposure of comatic aberration can be 
detected with high precision. 

[0062] However, it cannot be overemphasized that the number of the mask patterns formed on the 
checking photo mask 10 of one sheet changes variously according to the number of the sides of the 
detection method (a die to die method or die to database method) of the side peak 8 and the polygon of a 
mask pattern or the number of formation of one kind of mask pattern. 

[0063] Moreover, with the gestalt of this operation, in the checking photo mask 10, each pattern 
arrangement field 12 was made larger than the inspection zone 13 of wafer visual-inspection equipment, 
and the inspection pattern 2 and the criteria mask pattern 9 arrange it, as shown in drawing 13 (a) and 
drawing 13 (bY 

[0064] That is, it arranges so that nine inspection patterns 2 or the criteria mask pattern 9 on the 
checking photo mask 10 may become large rather than the inspection zone 13 which can be seen from a 
microscope in the Banking Inspection Department 201 of wafer visual-inspection equipment. 
[0065] When it looks at two or more mask patterns on the checking photo mask 10 (the inspection 
pattern 2 or criteria mask pattern 9) through a microscope, this is for making it the mask pattern of 
plurality (the gestalt of this operation nine pieces) settled with a sufficient break in an inspection zone 
13, thereby, can lessen the detection error of the circumference pattern 5, consequently can raise the 
detection precision of the circumference pattern 5. 

[0066] The above checking photo mask 10 is prepared, it attaches in the stepper which is the contraction 
projection aligner which shows this checking photo mask 10 to drawing 15 after that (arranging to a 
mask stage 118), and the inspection pattern 2 and the criteria mask pattern 9 which are shown in 
drawing 7 with this contraction projection aligner are imprinted on the resist film 3 of the semi- 
conductor wafer 109. 

[0067] On the occasion of an imprint, with the gestalt of this operation, light exposure is changed and 
multiple times are imprinted. 

[0068] Then, drawing 8 - drawing 12 are each light exposure (for light exposure El and drawing 9 , light 
exposure E2 and drawing 10 are [ drawing 8 / light exposure E4 and drawing 12 of light exposure E3 
and drawing 11 ] light exposure E5). El - < - E2 - < - E3 - < - E4 - < - the relation of E5 - it is - 
the imprint pattern which can be set is shown, and the imprint inspection pattern group 16 at the time of 
imprinting using the checking photo mask 10 which is a halftone phase shift mask, and the imprint 
criteria pattern group 17 are alike, respectively, and are shown. 

[0069] That is, the mask pattern of the checking photo mask 10 is exposed for every light exposure. 
[0070] Then, the semi-conductor wafer 109 which finished exposure is held in the wafer cassette 206 
shown in drawing 14 one by one, and is arranged to the Banking Inspection Department 201 of wafer 
visual-inspection equipment. 
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[0071] Then, as shown in drawing 8 - drawing 9 , when the imprint inspection pattern 4 is compared 
with the imprint criteria pattern 1 1 for every light exposure and the projection lens 108 of a contraction 
projection aligner has comatic aberration using wafer visual-inspection equipment, the circumference 
pattern 5 formed in the perimeter of the imprint inspection pattern 4 with the halftone phase shift film 1 
is detected. 

[0072] First, with light exposure El, as shown in drawing 8 , since the circumference pattern 5 is not 
formed in which imprint inspection pattern 4, eight kinds of all the imprint inspection patterns 4 and 
imprint criteria patterns 1 1 are recognized as the same pattern. 

[0073] Thereby, in light exposure El, there is no detection of the side peak 8, therefore the number of 
defective detection is 0/8. 

[0074] Then, as shown in drawing 9 , the comparison in the case of light exposure E2 is performed. 
[0075] In light exposure E2, the circumference pattern 5 is detectable from on the inside of drawing only 
to one side of the lower left in a forward octagon in the 2nd imprint inspection pattern 4. 
[0076] This is a pattern by what the side peak 8 imprinted, and detects this circumference pattern 5 as 
abnormalities in an appearance with wafer visual-inspection equipment. 

[0077] Therefore, in light exposure E2, the detection of the side peak 8 of those with one, consequently 
the number of defective detection is 1/8. 

[0078] The position coordinates (X coordinate, Y coordinate, etc.) of this circumference pattern 5 are 

recognized in that case. . 

[0079] Then, as shown in drawing 10 , the comparison in the case of light exposure E3 is performed. 

[0080] In light exposure E3, the circumference pattern 5 is detectable from on the inside of drawing to 

the side of five parts in 1, 2, and 3 or the 4th, and the 8th imprint inspection pattern 4 among forward 

octagons. 

[0081] Therefore, in light exposure E3, the detection of the side peak 8 of those with five, consequently 
the number of defective detection is 5/8. 

[0082] Then, as shown in drawing 1 1 , the comparison in the case of light exposure E4 is performed. 
[0083] In light exposure E4, the circumference pattern 5 is detectable among drawing in seven imprint 
inspection patterns 4 except one imprint inspection pattern 4 (a top to 6th imprint inspection pattern 4). 
[0084] Therefore, in light exposure E4, the detection of the side peak 8 of those with seven, 
consequently the number of defective detection is 7/8. 

[0085] Similarly, as shown in drawing 12 , the comparison in the case of light exposure E5 is performed. 

[0086] In light exposure E5, the circumference pattern 5 is detectable in all the imprint inspection 
patterns 4 among drawing. 

[0087] Therefore, in light exposure E5, the detection of the side peak 8 of those with eight, consequently 
the number of defective detection is 8/8. 

[0088] Here, the position coordinate of the circumference pattern 5 formed at the end is recognized. 
[0089] In addition, the side which is not imprinting the side peak 8 is located in the location of the 
symmetry on both sides of the side and the pattern which the side peak 8 imprinted to the beginning 
shown in drawing 9 by light exposure E2, and it is the light exposure E5 shown in drawing 12 , and 
means that the side peak 8 is imprinted to all the sides, and the circumference pattern 5 was generally 
formed. . 

[0090] Moreover, in measurement of the lens distortion of the gestalt of this operation, the ratio of this 
light exposure of E2 and E5 is used. Therefore, the comatic aberration of the projection lens 108 of the 
contraction projection aligner which can calculate light exposure from the coordinate which wafer 
visual-inspection equipment has recognized as abnormalities in an appearance first and the coordinate 
recognized that an appearance is unusual in all the sides, i.e., the coordinate whose abnormalities in an 
appearance increase most, consequently is shown in drawing 15 can be searched for. 
[0091] That is, E2/E5 are calculated as an energy ratio of the quantity of light, and the direction of lens 
distortion is further searched for from the location of the circumference pattern 5 formed first, and the 
location of the circumference pattern 5 formed in the last. 
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[0092] By the above thing, by performing the lens distortion measuring method of the gestalt of this 

operation, it becomes automatically possible to measure the light exposure which the side peak 8 

imprints in the direction and each side of lens distortion, consequently the automatic measure of the 

amount of comatic aberration of the projection lens 108 becomes possible. 

[0093] Next, the manufacture approach of the semiconductor device of the gestalt this operation is 

explained. 

[0094] In addition, although the manufacture approach of said semiconductor device uses the lens 
distortion measuring method of the gestalt of this operation, the duplication explanation about a lens 
distortion measuring method is omitted. 

[0095] Drawing 16 and drawing 17 are Si02 deposited on the principal plane of the silicon substrate 
1001 which is a base substrate as an example of a process which processes it by the photolithography 
(deposition). The case where contact hole 1002a which is a detailed hole is formed is briefly shown in 
the film (silicon dioxide) 1002. 

[0096] First, it is Si02 on the silicon substrate 1001 which is a base substrate. The film 1002 (oxide 
film) is formed and it is after that and Si02. On the film 1002, the resist film 1003 is formed and the 
semi-conductor substrate 1004 is prepared. 

[0097] That is, as photolithography processing of the gestalt of this operation shows to drawing 16 (a), it 
is Si02 on the principal plane of a silicon substrate 1001. The film 1002 is deposited and it is Si02 
further. The semi-conductor substrate 1004 which applied the resist film 1003 on the film 1002 
(formation) is prepared. 

[0098] On the other hand, the amount of comatic aberration of the projection lens 108 in the contraction 
projection aligner shown in drawing 15 is automatically measured using the wafer visual-inspection 
equipment shown in drawing 14 . 

[0099] That is, the lens distortion measuring method of the above mentioned gestalt of this operation is 
performed, the amount of comatic aberration of the projection lens 108 of a contraction projection 
aligner is measured automatically, and the contraction projection aligner equipped with the projection 
lens 108 this amount of comatic aberration of whose is in tolerance is prepared. 
[0100] In addition, about said lens distortion measuring method, since it is already explanation ending, 
explanation here is omitted. 

[0101] Then, the amount of comatic aberration of the projection lens 108 lays the semi-conductor 
substrate 1004 shown in drawing 16 (a) in the sample base 1 10 of the contraction projection aligner 
which is in tolerance, and exposes a request. 

[0102] That is, a predetermined exposure pattern is exposed on the resist film 1003 of the semi- 
conductor substrate 1004. 

[0103] Here, said exposure pattern is exposed on the resist film 1003 of the semi-conductor substrate 

1004 by irradiating the light 1005 for exposure emitted to the photo mask 106 for exposure with which 
the mask pattern corresponding to the exposure pattern which the semi-conductor substrate 1004 is made 
to imprint was formed from the light source 101. 

[0104] That is, as shown in drawing 16 (b), exposure processing is performed by irradiating the light 

1005 for exposure at the resist film 1003 of the principal plane of a silicon substrate 1001. 

[0105] Under the present circumstances, the light 1005 for the exposure for which the light 1005 for 
exposure passed this according to the mask pattern for exposure by passing the photo mask 106 
(referring to drawing 15 ) for exposure is irradiated by the resist film 1003. Here, the light 1005 for 
exposure is not irradiated by opening hole formation field 1003b of diameter deltaW. 
[0106] With the gestalt of this operation, the resist film 1003 is the thing of a negative form. 
[0107] In addition, since the amount of comatic aberration of the projection lens 108 is in tolerance, the 
imprint of a up to [ the resist film 3 of the light 1005 for exposure ] is performed with high precision. 
[0108] Development of the resist film 1003 is performed after exposure termination of said exposure 
pattern. 

[0109] By this, only opening hole formation field 1003b of diameter deltaW by which the light 1005 for 
exposure was not irradiated melts into a developer, and is removed, and as shown in drawing 17 (a), 
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opening hole 1003a is formed there. 

[01 10] Then, Si02 which is an oxide film The film 1002 is etched. 

[0111] That is, Si02 exposed from opening hole 1003a of the resist film 1003 shown in drawing 17 (a) 
It is Si02, as etching removes the film 1002 and this shows drawing 17 (b). Contact hole 1002a is 
formed in the film 1002. 

[01 12] Furthermore, ashing etc. removes the resist film 1003. Si02 which has by this contact hole 1002a 
of diameter deltaW which is an exposure pattern as shown in drawing 17 (c) It means forming the film 
1002 on a silicon substrate 1001. 

[01 13] Then, the same exposure processing is repeated, a desired circuit pattern is formed in each chip 
field of the semi-conductor substrate 1004, and this forms a desired semiconductor integrated circuit in 
each chip field. 

[01 14] Then, by dicing, each semiconductor chip is acquired from the semi-conductor substrate 1004, 
die bonding,' wirebonding, the closure, etc. are performed using this semiconductor chip, and a desired 
semiconductor device is assembled. 

[0115] In addition, about the class of wirebonding or closure, it can change according to the type ot a 
semiconductor device. , 
[01 16] According to the manufacture approach of of the photo mask and semiconductor device which 
are used for the lens distortion measuring method of the gestalt of this operation, and it, the following 
operation effectiveness is acquired. . 
[01 17] Namely, the checking photo mask 10 (halftone phase shift mask) which is a photo mask with the 
inspection pattern 2 which consists of a light-shielding film 6 and halftone phase shift film 1 is used. By 
comparing the imprint inspection pattern 4 made to imprint with this checking photo mask 10 with the 
imprint criteria pattern 1 1 which is a criteria pattern It becomes detectable [ the circumference pattern 5 
formed in the existence of an imprint of the side peak 8, i.e., the perimeter of the imprint inspection 
pattern 4, ], and, thereby, the amount of comatic aberration of the projection lens 108 of the contraction 
proj ectio'n aligner which is an aligner can be measured automatically. 

[0118] Consequently, the measuring time of said amount of comatic aberration can be shortened. 
[0119] In addition, the receiving inspection at the time of aligner installation (the amount measurement 
of comatic aberration) can be made simple by measuring automatically said amount of comatic 
aberration of the projection lens 108. _ 
[0120] It becomes possible to be able to reduce generating of the defect of the product (for example, 
semiconductor device) by lens distortion reason, consequently to raise the yield of said product by this. 
[0121] Moreover, even if it is a die to database method using the criteria pattern by data, it can be made 
to apply to any method of the die to die method using the criteria pattern by the imprint criteria pattern 
1 1 which was made to actually imprint and was obtained, since it is the approach of comparing the 
imprint inspection pattern 4 with the imprint criteria pattern 1 1 (criteria pattern), and measuring the 
amount of comatic aberration automatically. 

[0122] Furthermore, it becomes possible by detecting the circumference pattern 5 using wafer visual- 
inspection equipment as shown in drawing 14 to measure the amount of comatic aberration more 
quantitatively by the detection sensitivity of said wafer visual-inspection equipment. 
[0123] Moreover, also in case the inspection pattern 2 and the criteria mask pattern 9 which have been 
repeatedly arranged by making the pattern arrangement field 12 of both inspection pattern 2 and criteria 
mask pattern 9 larger than the inspection zone 13 of wafer visual -inspection equipment, and arranging it 
in the checking photo mask 10 are recognized, the inspection pattern 2 and the criteria mask pattern 9 
can be arranged in the inspection zone 13 of wafer visual-inspection equipment. 
[0124] Thereby, the error of measurement of the amount of comatic aberration can be reduced. 
[0125] Therefore, highly precise-ization of measurement of the amount of comatic aberration can be 

attained. . 
[0126] As mentioned above, although invention made by this invention person was concretely explained 
based on the gestalt of implementation of invention, it cannot be overemphasized that it can change 
variously in the range which this invention is not limited to the gestalt of implementation of said 
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invention, and does not deviate from the summary. 

[0127] For example, although the inspection pattern 2 formed in the checking photo mask 10 took up 
and explained the case of a forward octagon as the example with the polygon by the lens distortion 
measuring method in the gestalt of operation, said polygons may be polygons, such as regular 
dodecagons other than a forward octagon. 

[0128] Moreover, although the comparison approach which used the die to die method was explained by 
the lens distortion measuring method of the gestalt of said operation, a die to database method may be 
used as said comparison approach. 

[0129] In addition, by the die to database method, on the checking photo mask 10, the criteria mask 
pattern 9 does not need to be formed, even if formed. 

[0130] However, even if it is which case, it is necessary to prepare beforehand the criteria pattern by the 
data equivalent to the criteria mask pattern 9, and the criteria pattern and the imprint inspection pattern 4 
by said data will be compared in the case of the circumference pattern 5 detection by wafer visual- 
inspection equipment. 
[0131] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among 
invention indicated in this application is explained briefly. 

[0132] (1) By comparing the imprint inspection pattern and criteria pattern which were made to imprint 
with this photo mask using a checking photo mask with the inspection pattern which consists of a . light- 
shielding film and a semi-transparent membrane, it becomes detectable [ the circumference pattern 
formed in the existence of an imprint of a side peak, i.e., the perimeter of an imprint inspection 
pattern, ], and, thereby, the amount of comatic aberration of the proj ection lens of an aligner can be 
measured automatically. Consequently, the measuring time of the amount of comatic aberration can be 
shortened. 

[0133] (2) By measuring automatically the amount of comatic aberration of . projection lens, the 
receiving inspection at the time of aligner installation can be made simple. It becomes possible to be 
able to reduce generating of the defect of the product by lens distortion reason, consequently to raise the 
yield of a product by this. 

[0134] (3) Even if it is a die to database method using the criteria pattern by data, it can be made to 
apply to any method of the die to die method using the criteria pattern by the imprint criteria pattern 
which was made to actually imprint and was obtained, since it is the approach of comparing . imprint 
inspection pattern with a criteria pattern, and measuring the amount of comatic aberration automatically. 

[0135] (4) By detecting a circumference pattern using . wafer visual-inspection equipment, it becomes 
possible to measure the amount of comatic aberration more quantitatively by the detection sensitivity of 
said wafer visual-inspection equipment. 
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Japan Patent Office is not responsible for any 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process for which a checking photo mask with the inspection pattern formed with the 
light-shielding film which shades exposure light, and a semi-transparent membrane is prepared, The 
process which attaches said photo mask in an aligner and imprints said inspection pattern on the resist 
film with this aligner, The imprint inspection pattern and criteria pattern which were imprinted on said 
resist film are compared. The lens distortion measuring method characterized by having the process 
which detects the circumference pattern formed in the perimeter of said imprint inspection pattern with 
said semi-transparent membrane when the projection lens of said aligner has comatic aberration, and 
measuring automatically the amount of comatic aberration in said projection lens of said aligner. 
[Claim 2] The lens distortion measuring method characterized by being a lens distortion measuring 
method according to claim 1, and for said inspection pattern in said photo mask being a polygon, 
forming one side of said polygon with said semi-transparent membrane, and forming other sides of said 
polygon by said light-shielding film. 

[Claim 3] Said inspection pattern which is a lens distortion measuring method according to claim 1 or 2, 
and consists of said light-shielding film and said semi-transparent membrane in case said photo mask is 
prepared, Said photo mask with which said criteria pattern which consists of said light-shielding film 
was formed in the pair is prepared. After attaching this photo mask in said aligner and imprinting said 
inspection pattern and said criteria pattern on said resist film, an imprint inspection pattern is compared 
with an imprint criteria pattern using wafer visual-inspection equipment. The lens distortion measuring 
method characterized by detecting said circumference pattern formed in the perimeter of said imprint 
inspection pattern. 

[Claim 4] The lens distortion measuring method which it is a lens distortion measuring method 
according to claim 3, and said inspection pattern formed in said pair and said criteria pattern are 
polygons, and is characterized by making the number of the sides of said polygon correspond, and 
forming two or more said inspection pattern and this in which one side of said polygon was formed with 
said semi-transparent membrane, and said criteria patterns which make a pair in said photo mask of one 
sheet. 

[Claim 5] The lens distortion measuring method which is a lens distortion measuring method according 
to claim 1, 2, 3, or 4, and is characterized by making said inspection pattern, a criteria mask pattern, or 
the both pattern arrangement field larger than the inspection zone of wafer visual-inspection equipment, 
and arranging it in said photo mask. 

[Claim 6] The lens distortion measuring method which is a lens distortion measuring method according 
to claim 1 , 2, 3, 4, or 5, and is characterized by calculating the direction of the aberration in said comatic 
aberration, and the light exposure at the time of circumference pattern formation by imprinting for two 
or more kinds of every light exposure, and detecting said circumference pattern for every light exposure 
in case said inspection pattern is imprinted on said resist film. 

[Claim 7] The inspection pattern which is the checking photo mask of an aligner and is surrounded by 
the border line which consists of a light-shielding film which shades exposure light, and a semi- 
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transparent membrane is formed. The imprint inspection pattern and criteria pattern which were exposed 
and formed using this photo mask are compared. The photo mask characterized by detecting the 
circumference pattern formed in the perimeter of said imprint inspection pattern, and being used for the 
automatic measure of the amount of comatic aberration of said projection lens with said semi- 
transparent membrane when the projection lens of an aligner has comatic aberration. 
[Claim 8] The photo mask characterized by being a photo mask according to claim 7, and for said 
inspection pattern in said photo mask being a polygon, forming one side of said polygon with said semi- 
transparent membrane, and forming other sides of said polygon of said light-shielding film. 
[Claim 9] The process for which a checking photo mask with the inspection pattern formed with the 
light-shielding film which shades exposure light, and a semi-transparent membrane is prepared, The 
process which attaches said photo mask in an aligner and imprints said inspection pattern on the resist 
film with this aligner, The circumference pattern formed in the perimeter of said imprint inspection 
pattern with said semi-transparent membrane when the imprint inspection pattern and criteria pattern 
which were imprinted on said resist film are compared and the projection lens of said aligner has 
comatic aberration is detected. The process which measures automatically the amount of comatic 
aberration in said projection lens of said aligner, The manufacture approach of the semiconductor device 
characterized by having the process which uses said aligner and is exposed to a semi-conductor 
substrate, and the process which acquires a semiconductor chip from said semiconductor substrate after 
said exposure, and assembles a semiconductor device using this semiconductor chip in case said amount 
of comatic aberration is in tolerance. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 (a) and (b) are the pattern Figs, showing an example of the gestalt of operation of the 
imprint inspection pattern by the inspection pattern formed in the halftone phase shift mask which is a 
photo mask of this invention, and this inspection pattern, (a) is the inspection pattern of a photo mask 
and (b) is an imprint inspection pattern on the resist film. 

[Drawing 21 It is the variation diagram on the strength [ optical ] showing the measurement data of the 
relation between the halftone field dimension at the time of using the halftone phase shift mask with 
which the inspection pattern shown in drawing 1 (a) was formed, and the optical reinforcement of a side 
peak. 

[Drawing 3] (a) and (b) are drawings showing an example of distribution of the optical reinforcement at 
the time of imprinting using the halftone phase shift mask with which the inspection pattern shown in 
drawing 1 was formed, and the photo mask of the example of a comparison, and optical intensity 
distribution with the halftone phase shift mask which shows (a) to drawing 1 , and (b) are the optical 
intensity distributions by the photo mask of the example of a comparison. 

[Drawing 41 (a) and (b) are the pattern Figs, showing an example of the imprint inspection pattern by the 
inspection pattern by the phase shift film formed in the halftone phase shift mask, and this inspection 
pattern, and the inspection mask pattern according [ (a) ] to the phase shift film and (b) are the imprint 
inspection patterns on the resist film. 

[Drawing 51 (a) and (b) are the pattern Figs, showing an example of the gestalt of operation of the 
imprint inspection pattern by the inspection pattern formed in the halftone phase shift mask used for the 
lens distortion measuring method of this invention, and this inspection pattern, (a) is the inspection 
pattern of a photo mask and (b) is an imprint inspection pattern on the resist film. 
[Drawing 6] (a) and (b) are the pattern Figs, showing an example of the gestalt of operation of the 
imprint criteria pattern by the criteria pattern formed in the photo mask for a comparison used for the 
lens distortion measuring method of this invention, and this criteria pattern, (a) is the criteria pattern of a 
photo mask and (b) is an imprint criteria pattern on the resist film. 

[Drawing 71 It is the mask pattern Fig. showing an example of the gestalt of operation of the inspection 
pattern group formed in the halftone phase shift mask used for the lens distortion measuring method of 
this invention, and a criteria pattern group. 

Prawing 81 It is the imprint pattern Fig. showing an example of the gestalt of operation of the imprint 
inspection pattern group at the time of imprinting using the halftone phase shift mask shown in drawing 
7 , and an imprint criteria pattern group. 

Prawing 9] It is the imprint pattern Fig. showing an example of the gestalt of operation of the imprint 
inspection pattern group at the time of imprinting using the halftone phase shift mask shown in drawing 
7 , and an imprint criteria pattern group. 

prawing 101 It is the imprint pattern Fig. showing an example of the gestalt of operation of the imprint 
inspection pattern group at the time of imprinting using the halftone phase shift mask shown in drawing 
7 , and an imprint criteria pattern group. 
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prawing 111 It is the imprint pattern Fig. showing an example of the gestalt of operation of the imprint 
inspection pattern group at the time of imprinting using the halftone phase shift mask shown in drawing 
7 , and an imprint criteria pattern group. r u 

Prawing 121 It is the imprint pattern Fig. showing an example of the gestalt of operation of the imprint 
inspection pattern group at the time of imprinting using the halftone phase shift mask shown in drawing 
7 , and an imprint criteria pattern group. 

Prawing 131 (a) and (b) are drawings showing an example of the pattern arrangement field at the time 
of using pattern test equipment in the lens distortion measuring method of this invention, and equipment 
inspection area, (a) is an inspection pattern group and (b) is a criteria pattern group. 
prawing 141 It is the configuration schematic diagram showing an example of the configuration of the 
wafer visual -inspection equipment used in the lens distortion measuring method of this invention. 
prawing 151 It is the outline block diagram showing the configuration of the stepper which is an 
example of the aligner used by the lens distortion measuring method of this invention. 
prawing 161 (a) and (b) are the important section sectional views showing an example of the 
manufacture approach of the semiconductor device using the stepper shown in drawing 15 . 
Prawing 171 (a), (b), and (c) are the important section sectional views showing an example of the 
manufacture approach of the semiconductor device using the stepper shown in drawing 15 . 
Pescription of Notations] 

1 Halftone Phase Shift Film (Semi-transparent Membrane) 

2 Inspection Pattern 

3 Resist Film 

4 Imprint Inspection Pattern 

5 Circumference Pattern 

6 Light-shielding Film 

7 Border Line 

8 Side Peak 

9 Criteria Mask Pattern 

1 6 Checking Photo Mask (Photo Mask) 

1 1 Imprint Criteria Pattern (Criteria Pattern) 

12 Pattern Arrangement Field 

13 Inspection Zone 

14 Inspection Pattern Group 

15 Criteria Pattern Group 

1 6 Imprint Inspection Pattern Group 

1 7 Imprint Criteria Pattern Group 

101 Light Source 

102 Fly Eye Lens 
103,105 Condensing lens 
104 Mirror 

106 Photo Mask for Exposure 

107 Pellicle 

108 Projection Lens 

109 Semi-conductor Wafer 

1 10 Sample Base 

111 Z Stage 

1 12 X-Y Stage 
113,114 Driving means 

1 1 5 Laser Measuring Machine 

1 16 Mirror 

1 17 Mask Position Control Means 

118 Mask Stage 
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119 Main Control System 

201 Banking Inspection Department 

202 Monitor Section 

203 Control Unit 

204 Output Section 

205 Semi-conductor Wafer 

206 Wafer Cassette 

1001 Silicon Substrate (Base Substrate) 

1002 Si02 Film (Oxide Film) 
1002a Contact hole 

1003 Resist Film 
1003a Opening hole 

1003b Opening hole formation field 

1004 Semi-conductor Substrate 

1005 Light for Exposure 
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iixjmztit y Lt:®&m<o* h vx 
Lx^mzmi^mmizx ->ximmti&w y 

U 

[it^sm tg$>B i m&<vuyximm&T&x$> 
r>x „ me* h-?x?tzmz>m§ffiE&>w yvzftB 
xh*). wmft^imm&mmtzk'yxmtfi. 
u mi^nm<m<mim£M3m^Xr>xmm-i 

imm3i mmi*M±2a!ffitoi'yxwgn£. 
umxh^x. mz*h^x7£Wffit&mz. mw& 
mtm&mmti>>e>%hfmffi&>wyt. he 

12*1^X7 £ip{IU Z<r)*h~?X7£m^n%£W. 

esMwram^sx hm^mam^ytmm 

e¥«aE^yfccw^^vfc5:itssL-c. mess 
ws&k? y<mwmfo*ti.hmffi2LK9 y*w& 
-rtzkimLt-rhuyxtm^m. 
[ISM*] rnm3mLe>)syxTfmffl%ffiKi> 

tzwmmtw y t ziit-n^-tm^f^yt 

^ak-rs uyxwmszm. 
immsi mxmi, 2, 3£fctt4ig&ovyx 

< Lx&mtz z t £it&fc-rs uyxmm^m. 
imme] mmii. 2, 3. AZ-rstswmv 
yxmrnzmxhix, am^xhm^mim^ 
wy£w?tzmz. mmm<omMZkizm&i, 

i%os*si: ££«>&<i t &mk-?& isyxmrnz. 
Xr>xw*tizmwy#&fi&ti. z<r>*Y-?x? 
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Tv^igfcioffi^gBaisfc J: ^xmmm&w y<n 
jm\zm&ivhmLw ymm txm^m^yx 

immai maaiwsL^h^x^xh-yx.m 

.Ii:iHiairrS*bvx?. 
XiX&fiLZti&ti&Wytt Lfc«Q£ffl<0* b^X 

«t ~>ximm>wy *wx Matts^-rsist „ 
ibei^x mizm^Lfcwmi£>wytm>wy 
tzmt. mMmm.nmi-yxifizi-vw&tt 
Lx^&tetzm^mL££r>xffims^wy 
20 (om^iB^iihmw^yimiLx. mimi® 
wnmasmisyxtmh wrm&i asa^rs 

XSfc. 

BaESftfc. 1«E^f*g8^¥g*^r£Jim 
30 [0001] 

mt. ^izm^zm^ixKvyxnmmjm 
mLxmntmnmth. 

[0002] 

[0003] ^fl^JSIg<0S3KXgtUV^ffi«§ 
40 fcS3I^Sfc^) Tit. *<mmtz. SAfUSE** 

[0 0 04] zcryzxtimmi-?tLx. mmwiz 
mm2tv£i£&i'yx<r>ti&t> i fti>ii&. mmmt. 

[0 00 5] cid-c. Sjl^^g^U-yX^^JRII 

50 w^s^fflA^y^eiasL. #a^tfc(ti.^ k 
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t— ?<9S3fcfi£ SEM (Scanning Electron Microsco 

pe) i: miti&i^&mTm&tmi lt**>-o* 

[ 0 0 0 6 ] &i* . ls>X<r)iimm&im£.^Xli. 

mif. - 1 2 o 1 1 8^^». W6- 

24 9 74 8^»K3Ba$tl-CV^ . 
[0007] 

SIM Ftr-?<0g3fc*£ S EMfcteJH LT*«>t V>£ 10 
Sit*. 

[0008] *5&B*oaWli. WyXJRHcOffl^OW 
ii Jtf -HUcJB^S* b^X?&&trtc¥g«c§SStf>S 

[0009] t>vx.*<r>mmb%m 

KZXkbo. 

[0010] 20 

UTff)bH*)Xht. 

[0011] *&B^>XlR£asSra 
SnSfc. B^*bvx?£35l^fcJK9WK 

vmttix^zmtmizmmt^xmsm 

-?m&k mmfcth t,o-c*>s . 
[ooi2] ztuzx*)^ nmmffits&vvxw'? 
im&vtw&mzwm-h z.btfx-% s . 
[0013] m&\'vx<r>^w£%£mjmi 

[0014] z.tuz£*). v>xmam<££tms&> 40 

[0 0 1 5] #fSBflO*hvx?li, S5^Scd 

mtfrhKhvmmz^xmzix&mttwyvmL 

>XtfavWkttLX»m£im¥Wmiz£ 

&Lxmej^]s>x<o3vim&<7)&im%.£.m^t> 50 
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nst>w*s. 

[0 0 1 6 ] 3£>K. *%B&o^f*^a<omfT& 
3fc.S«5fr V Lfc8B£JS<0* h vx 7 £iJ6firt 

mmmtx^xim&'wyzuvxhmtzm-t 

mt. wssmat. m^^mm>t>*m&*v7t: 
w»u z(vm*i'v7t:m»x!m#8im$:&*± 
x hxmt tt-fh t> nx-hh . 

[0017] 

tm^xwrntwrntz. 

[00 18] @1 h -?X9XS>h>\-7 V 

•r^^mxb*). (a) \SfcY~?x9<r>ti&nfy^ 
( b ) \tWJXY®±Vim%&Wy. B2tt01 
( a ) £5r,-m&*9 ytffflLZtlfim-7 b-Vfiffl 
hvx7£/8vvt|g«o;\-:7 V— >^Bht&i:lM 

AS. S 3 <iH 1 CijoTW J-tW&SS n- 7 

h-yfiffl^^ b -?x? t t&mn* y?x9 zm^x 

( a ) liS 1 &fCfJ\-7 h-yffiffl^7 hVX7fc<k 

hmgftfo (b) timm*h^x?£xz?m 
mm. mAHf\-y h-ymt/7 hvxftsmz 

X SSmiEv?^ yo-MZrti-'^ >mx$> *) , 
( a ) ttfir«^7 MStc i S«BiEvx^v^ ( b ) 

tzm&istvtem'W y t z<nmw ^t=«fc se 

0. (a) «*b^x^«alE^y x (b)liP^x 

y b zc?>m&v> y\zx &wm&><9 y<mm. 
<mm<r>-mz*t'*fymx$> o , ( a ) a* wx 
tosminy. (b)\%vvxymL<?m&m>w 
y. mi\**wmvyxwm , £msm^wxh)\ 
-7 v-ym&^7 wx7mjs&iiti&&wym 

bW&W ym^m&^BMnD-mi^rrx^J^y 
EL 08~01 2Jia7t*1"A-7h-yfiffl^7h 
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0. 01 3\±#m&vvxvsm$mmzii^Tw 

x y 7(H^*t@tt 0 v ( a ) titttE"? yp. 
(b ) jig$A-*yff. 01 4{i*^«w^XJRIiai 

z*tft$!mm, ai 5 yxuziiia^r 

IP&fij£0. 016. 017li015t^rAr»y^Jr 

fflv^^{^gcoax*^«o-4?i$-^i-sgpffiffi0-c 
hi. 

[0019] ^m^wmsovyxwrns^mt. * 

fc&t&l' yX<ov yXtSMno l n^JRHOS 

[0020] *-f , B!^IV^XJRiia®^CfflV^* 

[0021] 1flE*h'?;*?& SftHS<0S6lEJBtf>«> 
W&D (£l&. «aEJH*hvx? 1 0 (01 5#!i) 

t^) . xm&mmcu&xginco-Mt ixm 

[00 2 2] EiiiSBtEffltf^x^iott. 05t^r 
«fc d fc. fS5»Sg3fcn>SS3fcI86 fc . ^JgHgT&S 
a-7 h->ffl&i/7 MSI fcA^££tSfKa7(Cj:o 

y v-ym&^y v?xrch o . ckoe&hj* h 
? i o*m\^m%Lx%&ztiJzmmtwy4t 
06 (b) fc^rfi^^^yi i (w^y) t 
fcit&U xfv^ (S3E&S) <nmvyx\ 08W 
n-?JR3l£ir LTV*SKfc/v-7 h-yisHBv^ MSI 
tz£ -> XWffi&W V 4 0>fUM3R£3 fc£ ISO"? 
y5 (05 (b) #88) ^a5UTS^^X108<0 

[oo23] m.>*?y5it. m%ft<oo*>. e 

^0g^^y4<OSa{te^L^3t (£ft£03 (a) 

[0024]**:. h-ymis 
7HSltt. «BIE^>2 (oiflaWWy) kill? 

[ 0 0 2 5 ] o£ 0 . /W b-y&ffii^ MS Hi. 

[0026] xmmmmx'ii. m&\* wx? i o 
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V>^kLXJEW&<&^Zlll r )±.tf&tti>lZ. IE 
AW&^EEiE^? y 2 <0 1 2#¥@91lg'C*a a-7 h 

-ymssyhmtz-y-cmfczti. s&fc. ffi*>7 

rx0ja#jg*&6 Ki -}X&&ZtiX^h%r£ZWWtt 

[0 027] 8BiEf8*K?;*?10tt. 01 

(a) fc3jrf«J:3fc. jg<3i&;B&^:?y2<0S8k. a 

-71— yfiffi^HSioSiJik. mme<mmt 
xsmi^mmm^Lx^i. 

) [00281*33. m$gL6K. CrfcioT 

jbj£3*i*:K"c*o. a*. ^-7 v-y®Misy hm 

Hi. eittf. CrONKT&S. 

[00 29] ZZX*. fSSHWyttm&thWYV 

[0030] a-f . n-? b-yim^y hb i &&& 

9y<mRLiS!l<D*£.m.2it&ZtZmtLX. 

01 (a) fcsrr»BiE^y2oga?t«a. 0+. a 
3SE;**y2<oj^i5atf>*£^— 7 v-yfiptB^ h 
) Hiku wwoffio7o<oa*ii3tiS6t-rs. 

[0031] £<9U (A-7h-yffi«^7bRl^ffl 

v*fc*&£) <9^^y2tf>¥iift3l£4«B£03 
(a) fcjjrf. 03 (b) ii. 04 (a) IZifit 

to%jEj\nmimm8&wy2#>\-y h-y 
&&>'yhmi<?>x-££'>x&f&zii* ijoffitsmn 

&&VyXl 08t3VJRH^*W^<03t®«^?r 
TfkLtihOTbh (04 (b) tt % 3VJRH3b«fc4^ 

[0032] -eo)^. 03 (b) tCSrridfc. 
0 «QE^y4^gffl<0^fflt^fc^>f FtT-^8*£% 

[0033] -rnt^L. ^its<o»®<o«aEffl*hv 
x? \0*m^ZZ. ktriO. 03 (a) tc^rTid 
fc. K5«EiE^y4<oi2tf5*«)ir-f Ftr-^8^s 

lozm^xwyis&zffozktzx*). 01 (b) 
t^r i o ^ w\ftm>wm&w > 4 o i a^>» 

A?y5<9JgjS#«rfgk3:'). -^40, W\ftm> 

[0034] 01 (a) tifA-7b-yffla 
>'7MSlfc:J:->"C»JS§fi-&M«t=:tJV^T. -ew^ 
yx-yv>^ffi!i^h (A-7h-y^*tffi) k 

l. ze>;\-7 v-ymmrni-tti-z^J 

[003 5] ii-C. A (&m&) =0.248^m. 
NA (l^yX^PSc) =0. 5 5 k U «ES^y2tt 
lia^lwm (VX^itli. «/h^**l/5<^ 
50 5//m) <0]E;\ftJg<0*-7^N^ySrfflV\ ^N-7 
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[0036] 02{=*-TJ:3fc:. *M Ktf-?3l3lg 
li, h=0. 3 5/im5|c8rrJdaaa*ycSV^ hM>.3 

Slh (01 (a)#«S)l4. h = kXA/NA (A 
ftfeK. NA : VyXamm^ k : £&) 
<U k ^0. 7 8 i: LT0f^<O^frTm-tS CI i: 1 1 
0. ££LT1M 8 tA^Kfe: 

=5:4. 10 
[ 0 0 3 7 ] Xf7 vrc*5ffi/hSt^S3l^S<0 

s^vyxioscDavjRiui. -e<o^yxi*rc4HBL 
rv^s. 04 (a) t^tid^-yh-ymi^y 

S2^?y5HL 04 (b) tc^r«J:3t:. WJxhB 
[0038] £<9«££flJB LT 

mzo^xn. mmv9 - 3002 8** itoom 20 

-20417 6^fci*$*l-O:»S. £*l6£Ett3ftX 

J: a VJRH* tthlUmx-t) S . 
[ 0 0 3 9 ] £<0^£fflV*fc*ft*fcOJKg*>V 

[0040] t-r. B^uyxwm&&}mtz&^xm 

»mi4&j(tVx>\!MB&gmb. 015fcijct 30 

s. 

[004 1 ] 01 4K^r->x^^i«eiasistt. *g 
ft->xA2 0 5 <»wyjLW&¥X'<mwm {mm 
wym. mz) *&wm&&!ii-ti>i><r>x'i> 

mLXt>&¥m#V*^2 0 5 £-7x^;&-fe «y h 2 0 6 
^JRDffiLTfcBt^£fH8EiE8S2 0 1 1. &ajL 

^a5202fc. timmtmtmtomimm 40 

tt^2 0 3 b . C^Sm^PiS^ xA7 77WSf- 

fVXhKb'b LXiKUth 04ttzx->xm 

[004 2] 015fc^Xx^li. S£fofc£ 

m-hmi 1 0 1 mixa 0 „ z<mm loi^m 

itt>ti&&%%ii. y?4T4i'yxio2. ay?y 

*TVyX\Q3. 105. iJilX57-104^LT 

mm* v~?x9 106 zmtth. 

[004 3] =5:iJ. ^3tffl*h"7^10 6t«. 
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46a^»?*i0 7tf&ft6*irv*s. S5tffl*hvx 
? 1 0 6(3n&3*i*r?;*?s'C?:'li. muyXl 0 
8^LT^^«-Cj>S^ft^x/M 0 9±fcftiJ 

[0044] S3Kffl*hVX^10 6tt. 

tOMSmtm 1 7t:J:^TS!lfi3fi^^^Xx- 
y'l 1 8±tc®tS3*U -e<04M>fcSH^V>Xl 08<9 

[0045]^«c>iAi09Jl i£B£l 10±fc 

[0046] xfc. KCR&l 10«. &iH^X108 

<%B»^^i?^z^t^aTirig^zxT-i;i 1 

l±IC©B§*u XYXf-y'l 1 2±fcSS® 

[0047] ZXf-^'l 1 ltJit^XY^r-^'l 1 
2tt. ±SMG*1 1 9*&<0$|»l8r^fcJ6fcT*;h/efc 
vmftm 13, 1 14fcioTSB&$*i.Srt:tf>. i3r 

aos^st^ift-rigk^^TfeO. *«><ag«. z 

xf-y'l 1 lfc@5£3*ufc$7-l 16*>fiai:L 

l/-- ma&i 1 5££^xim8uz*:-?2iix 
[0048] #%m<?>BBcr> v yxwms&mx^ 

t-f. 05 (a) fc*-r±3=5r7X?A:?y-rafc£g 

#5e*iift-*-*j6*yB6 k^Hi^c*SA-7 h-y 
misyhmib£J:-r>xmtfiztizim'wy2t:G 
Ittf&m* wx? i o (i\-y Y-yWfoi/y 

x?) mmi>. 

[0049] *9m<m®.xK. 85Se^v2# 

-ymi'yhwmz£r>xMtfLU m&ftm*ti 

[0050] intciOx ^-yh-yms^yhmi 

[ o o 5 1 1 j&mmmxii. m^yxm. 
ms&mb lx. to-srj-frg&m^xwm-h. 

[00 5 2] Ltzifi-iX. «SlEffl*h'7X^10fc:«. 
jg3tR6 b^-y h-ymisy MSI k3&>^=5rS05 

(a) £5p;-?m£Wy2b. &%m6<Qfi.£X->XB 
jSSti^06 (a) C*r^"7X^t^y9t3&«-jt 

[0053] t fc. -eii-etwovx^y^^yoo 0 
5(a) fc^t«aEv^y2{i. i83KK6fcywh- 
«y7 NR1 bfrt>%h%8mi\zi.'>XW±1\X 
Btf&irt:JE)\fii&<oi><?>X'$>*) » dittiO. 3ffiS 

[0054] 06(a) t:^r^6vx^y\^y 
9Ji. it3KK6^(cJ:oTHi<xT)gj£$ix^iE;\ft 



[0055] %<r)1£&. tii&vfrtxirwyiztf 
X%&Ztl&W>*M5 (b) fc06 (b) fcp-t. 

[0056]t^r*>t>. 05 (a) fc*?ffilE't?>'2 
£*£¥-fSJ:. 05 (b) fc^ti 3 Dlf 
4 KK-78 (03 (a) #B&) *n^'XH83fc:f£? 
IXWJX HS3 man? y 5#J&£3*U . 

[00 57] 06 (a) t^-r^VX^^y 
9££^-f£i:. 06 (b) fc^t J: 3 fcS3fcft£*£ 

< i/ct>iuiM h tr-? 8 ■tmm^'i^msmn.^ 

[0058J Lt:W-?X. m 1 4\,Z5jct*7 

$mm\*xm5 ( b > fcs**sitt/w4 1 . 0 

[0 0 59] £33. lft<^SEffl*h-?X^10±(C 

£9n-?y&i 5 k tTjEA«JB<oia<o»fc*tiSLT8 

[0060] -ftchh. *$mm®?>%&. r*-y b 

-yma^y us 1 ziEAftj&vzixzticmtftKz 

tt8W^VX?JW>tflft.<Vti&m*bVX? 1 

0 £B&Zti& b b WifliwxW ^# 1 
®Srkt. 013(a) K^tidK, fli.tf> 9ffl 

[0061] ZtllCX *) , ^3£&frOMS<D*S£\ 1&<0 
SQSEHJtfh^X? 1 0±fctt. 9 ( lo^gSOTX? 
A;?y<0Jgj£St) X8 (^JBcOSc^S) X2 (&SE# 
S^n^yk-e^^k^S^y) = 144ffltfV?X 

[0062]fcfc'U lttWSBSMshv^lO-fcfc: 

;fcs$ ( r-f t o?>f *SftSv^ir>f t of-^-x 

1X9>*9 y<rmfm&Zlzi&txm*£i>& i k liW 

[0 0 6 3] ifc, *gttt08STI*. 8Q£Effl*h-?X 
? 1 0£.t5\^XV&rt9>2ii£XfmiX9rt9>9 
4*. 013 (a) , 013 (b) fc^f iofc. **V? 

8 1 3 «k < LTES I/O** . 
[0064] ^xA#fi8&g^)«^EgB2 0 

ifcavvcm^^**B«swi 3iot»wa 

*h1X9 1 0±*>9-3WUHE>'W>'2a4HiffliV 



(6) ^2000-146758 

10 

x9*9 y 9 <%&}lo zmmt * . 

[0065] Ztllt. mm*blX9lO±.(r>m.<7) 

ix9'*?y (im"9y2&iz\$m~?x9K9y 
9) tmmitLxmmt. m (^mmmmx 
«9ii) coix9'*9y#m.m&<ti&&m 3rt£ 

5«l*HJIW*iWr<'**£i:jP , C*» *<0*S£, J3ffl 
^ysofcSBIigfciStf)*.!*:*^*. 
[0066] £U:<9SG£ffl* blX9 1 0 tfMU * 
10 Oft. £ OBElEJB* f ^X? 1 0 £0 1 5 K^WhS 
iJg^MT&SXT^yA-CJROttt* (VX7X-f-j> 

i i8tzBst) „ ^.m>^mmmwiz^xmi 

isjrtUEfe/f? y2t W$r?x9*9 y9t i^mm 

X A109 OVi^'X M83 fc^i"* . 
[0067] ^QS<^g©t1i. S3fc*£ 

[00 68] H8-H1 2tt. 

ft (08ligftftE 1 , 09(±S3tftE2 x 01 0»±S 
**E3. ailliS3t»E4. @12ti&3fcaE5-C 
20 fc 1 ). EKE2<E3<E4<E5<0BiST > »S) 

ffl^h^X^-CfcSeaEffl^hTX? 1 Oi&fflV^Tlg 

n*ft^u<nm^^9yftis&£iM&»* 
?ymn WZix?tnc*ztix^& . 

[006 9] 0*0. «BBB*K?X*10W7X^t 
? y £#S3K*rk WKWft . 
[0070] -e<0ft. S^iftjt^^*^ x a 1 0 9 
£. HiK. @14fc^1-^xA^-fe«5'h2 0 6fcJRSt 

T^xAji.iifi^so«aEa52 o i Jessie. 

30 [ 0 0 7 1 ] VC % ^xAflHEEISISfcffiVvC . 0 

8~H9tc^ridfc. s3t»rtfcis?eaEA-?y4 

<D!®guyxi 08tfmmttLx^zm&^-y 
b-ymssybm tzx*>xwmwy4«>m 
tzmf&zn&ffli'W y 5 zmm-rz . 

[0072] i-f. B8K5STJ:3fc:. MftMElX' 

a x \^<mm&><9y4izt$\ivxt>mw*9y5 
4fcC9a»/t^yi ltWIwytLtBlf 

40 

[0073] dftfcJ: 0. SsfeftE lTOt. 1M Ht- 

?8<o«iaj3^<, tfc*»-»T, ^d^ajatio/8-c 

[0 074] -e<0ft. 09l=^rtJ:otc. S3tSE2<0 

[0075] S3KftE 2-CI±. 04». ±*»^> 2#B*)K 
i?«BiE^'??V4fe:i5V^'C. ]D\A®<od^ftT<oiffl<?> 

MdtfLTJSEB/^ y 5 £&arcs S . 

[0 07 6] ZiUi. *H Kt-?8*«S^Lfc«lkfc 
50 J:*^yr*9. *xAiMHJBaarctt£*>J«a/t 



(7) 



1 1 



[00 77] Ltltf-oX. m%ME2?ii. *H KK- 

[oo78] *<oiL z<7)m®.'*f>50)owm <x 

[0 0 7 9] BWC« 01 0fcSptf\J:3fcs &3KSE3 

[0 0 80]fS*ftE3THL 0*. ±frt>l. 2. 

3. 4#Bt8#B<0K^«^Ev^y4fc:tJV^T. jEA 10 

aj&o 5 *> 5^mh<m\zn Lxmsiw y 5 

[0081] LKtf^X. 85fc&E 3-Ctt. IN KtT— 

[0 0 82] iV>T, 01 lfcjKf-idfc. S#»E4 

[0 0 83]S3t4E4-C»i> 0«K lo^gr^&S^ 
*y4 <_b&»&6#B«*g?8&E/<:J'y4) £l!K7o 

<oig£^\^y4fcfcvvtj^^y5£8Kires 20 

[0 0 84] LfctfoT. S3tftE4Ttt. 1M Ktf- 
78<0fcitS#7o&D> **>I£3I. «««aja«7/8 

[0085] RBfcl/C. 012fc5irf J:3t, 

Esome&mzfto. 

[0086] S3tfiE 5-Cli. 0#. ±X<VG&m>* 

*>i £.&\vt:mww y s & «kb-cs s . 

[0 087] Lfc#oT\ S3tSE5"Cli. 1M HtT— 
?8cofcaj* { 8o*»h *<OJ63l. «8«KU3Wi8/8 30 

[0088] ZZX. M&tzm&ZilfcffiL*f>50) 

[0089] 55r*5, Hftfc. tM He-^8<04g^tT 
WSrv«. S5E»E2fcJ:SB9J=*Lfea*Jfc:^ 
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